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dJllllj JjSlI ^5^1-2 
YV -X 

0 0 i5LkJl_^ JLSJI -0 

■\V 2U_.....II S^sMy.ll 2<^^ II -n 

VN a%au SixuU ^Lu^S! ^ll^-^l -V 

SlaiUJI jiLui^SlI I^Ujjj <(i^ljJ) >il >»jJl 'Lto^j ''Lul o?'^' ^ "'^ 



So^l oW^I <PA 19104-6396 .LiiJj"l»i 
gladney@physics.upemi.e(iu r^^^./^^)!! jjjJI 



WWW WqfWVv 



KmI (^-tKII J^LuLo (S) 

jaJI cbjL^l ii^j^ (^-^) 

J-t Jjin^ II (^ojJ) JjLLo ic^^uJJ t^LuJl j>-^jJl Cisj ia-Luiil d^jj (i) (^-^) 
Jx. J in-> I CiL^l-uill 6jj& ^o-> I .oL^I Min V (j^j^) Jjlfi^ 4£._;uiiJ ^^LuJI ^^'|->'|U 

area 1 = ^ (35m/s - lOm/s) (10s -0) = 125m, 

area 2= (lOm/s - 0) (20s - 0) = 200m, d-D 

area 3= (lOm/s - 0) (40s - 20s) = 200m. 

.525m ^ t = 40 J) t = 0 ^J^l <iLaJ.I 



(1-2) 



Z 20 
B 15 
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10 20 30 40 50 60 

(s) (>jJI 



area t = 40 — 60 = | (60s - 40s) (lOm/s- 0) = 100m. (1-3) 
au„.y.ll 4£ j^lj ■\Yo = ^..+oYo a_.l<ll ia-lj)!! (^j^Sj jjjic 

x(t = 60) -x(t = 0) . , ,^ 

Vavg = ^7, 7. = 10.4 m/s. (1-4) 

60 s - 0 

JjS! fLjAiJI JjLu-o 3^ (j fjJI aic. .(((^l4lll)) (>ojJI) (_y:?-l=JL^ ig-aJI (3^^; i>.ii^ c^jJI 
^1"^ '■ LuLi hTjI^^I £sjjsi j jj LijI Lojj iin/s^ jl m/s oIj^^I j-j-o^ a' 

' "'^ 'j^'ll (jAjlj 

101km/h= fl.Ol X lO^m/h) ( ^}^^ ] = 28.1m/s, 
^ ' V3600S/ 

(1-5) 

88km/h= (s.SO x lO" m/h) ( ^}^^ ] = 24.4m/s. 
^ ' V3600S/ 





cheetah 


antelope 


initial position 


Xoc = 0. 


Xoa = 50.0 


final position 


Xc=? 


X-a — Xc 


initial velocity 


voc = 28.1 


Voa = 24.4 


final velocity 


Vc = 28.1 


Va = 24.4 


acceleration 


ac = 0. 


aa = ac = 0 



(1-6) 



.^^^1 QuSu J(j all lsSi£- CxS^ iS^^ Cyj^^ jL^I ijLuiil 111 OJJ^ 

(jj^ ((1.11c) (».lj-^"wi.L 

Xc = Xa, 
Xoc + Voct = Xoa + Voat =^ 

^ Xoa ^ 50.0 m ^^"''^ 
voc-voa (28.1 - 24.4) m/s' 

t = 13.5 s. 

a^iJI 4j3Jij|_jj <£.jl-ifltl isLuIl 
Xc = voct = (28.1 m/s) (13.5 s) = 379m. (1-8) 

SjlaJI ilUJI 604 ij 4jl "ill f>aJI (j Lo^ ^ LaA uiS^I 

d)jj^ .t = 20s jUJJI (>j^ '"^.5*^ (.s^^ 

Xc = -^ai 

X^Oc + Voct = Voct = Xoa + Voat =^ (1-9) 

Xoa = (voc-Voa)t = (28.1 m/s - 24.4 m/s) (20.0 s) = 74.0m. 



^jcLL) Lsij^j^ die 6j^l 'i£.j^ jI'AI^ fO Ojl^ lj| 'l<i^^ .LAjI i^ljJ^ n 4-ajJ< n 

:(jU iSjiUJI 4a3 jjti yij iSjiUJI 6J£.U 

yi= yo + vot - -gf =^ 

{yi-yo) + {ll2)gt^ 
vo= 

(1-10) 

_ (3.00m) + (1/2) (9.80 m/s^) (0.400s)^ 
0.400 s 

Vo = 9.46 m/s. 



V/ = 0 = - 2^ (y/ - yo) 



(9.46m/s)' ^^"^^^ 
^^-^"=2^- 2(9.80m/s^) -^-^^"^- 



y^-yi = (4.57 -3.00) m= 1.57m. (1-12) 
: jj^ e>^ Jj^ SjiUJI 4-a3 J| Lajjt Sj^l it jIaLo (o) 
= Vo - = 9.46 m/s - (9.80m/s2) (0.400s) = 5.54m/s. (1-13) 



•LS^ (^down >iUj (.yo-uu) 



Vdown = V\xp - g^t 
At - 



-g 

(1-14) 

_ -2 (5.54m/s^) 
-9.80m/s2 ' 

At = 1.13 s. 

yfloor = (1/2) At^ Ij^l '.y ei^L t^j^AjJI j^ja^ Sj^l Udit oiUa! ^1 

- y/ = i^ot - ^ 3^ SjUl ^li^jl .yhaii = vot - (1/2) gt'^ J 

6jjS, ij^J = Vo/{g + A) ^J^n\^■^\\ 4loj3 (jjil .(1/2) (^7 + A) 

•^max = {g +A) ^ 

jjJ2 ^1 JiS! S^l (Y-T Jllo) .(^ (> iju) g + A 4lijjU 

/" . .\ ' ' .if 

<G^j <lijLuXo j t i.a U |J (jl (jljfl-l LiS>J_^Li.ui (jl^ ^1 + A) 

.(g + A) v^j^ 
jUmJI j;^^ ^/ii .X ^1 3^ lliLo Ijl .200m (> Jsl ^1 0) (''-^) 
(j^^ cjas^ .6m/s JojLXLj 200 - xm SiLJ,! isj^ f^j-o J-t ^ <JjL»lJL 
fl^lil jju (j-ojJI_5 <(6 + 2 = 8m/s ^ jIaLoj jj^I) jjAS ^1"^^ " 

CjjLjJI I (j'lf.^^m jlii5-a J.£. mi5 n (jj mi ill I (f\t ^^jlll 200 HI isLuiil (_5jLuu j-ail 

:(jU (jjl ;7m/s 
200m X 200m -X , 



7.00m/s 8.00m/s 6.00m/s 



il Jh\ i(V ■ A ■ V) MA ^ A^ .V^ A (.UjSlI J-UJI 

24 (200m) = 21x + 28 (200m - x) => 

7x = (28- 24)(200m) ^ (1-16) 
X = 114m. 



_ 200m 

tMirlam- g.QOm/s " ^^"^ ^' 

(1-17) 

_ 114m (200- 114) m 

tAUson - _ 2_oo) + 7.00m/s ~ ^^"^ 



jbuSlI iuS^j iuSlji (Y-N) 

■ JinflU o'^jl-«-o j^iaj-uu (l-N) 

:(1-16) iljUil (.ai^ (!) 



v(t) = ^ = [(4t- 7)i-2tj] m/s 
v(t = 2) = m/s. 



(1-18) 



(-) 



a{t) = ^ = [4i- 2j] m/s2 = a (t = 5 s) . (1-19) 



dt 



:(1-1) iljUlL ik^jlil h^^\ (^) 

f(t = 3) -fit = 1) 
3^1 

^ (18 - 21) ^- (9-1) J (1-20) 
Vav = (-1.5i-4j) m/s. 

lil'iljj <uLo^ ^1 Jao (j! k^'i (V-^) 



-tan0i = ^, (1-21) 



(jL jlljiil ^Ik^-ili Ikli .Jill jJa^oi Lcui (xji,3'>i)^ 01 = 10.0° 

j illj^ jjl Mull j-iia^ (jj^ '(0. +6.00m) (jLulaa.)!) iiljjJI ikSj (j! ^ jij^ 



= Vo COS Ozt, 

^ (1-22) 
= 6.00m + vo sinOzt - i^gt^. 



g X 



= 6.00 m + x,tan02-^- ^— 2- (1-23) 

^ (VoCOS02) 



X 



y = -X tan 01 = 6.00 m + x tan 02 t => 

2(VoCOS02) 

0 = 6.00 m + x (tan 15.0° + tan 10.0°) ^ ^ ^ ^ 

2(30.0m/s ■ cos 15.0°)^ 

= 6.00m + X (0.44428) - (5.83534 x 10"^ m'^) x^ => 

-0.44428 ± V0.197381 + 4 (0.00583534) (6.00) 
2(-0.00583534m-i) 

= 87.8 m. 

(1-24) 

j.s^'A\ (jKJJ S jJoUii 1>U,)!I ,_ykju (.yJtjjiU) jlJJ ^Sll jlJ) (j! k^'il 

. JX.S! >ilLl& (j^ fJ ' ^1 jL^I M rii ^jJI 

^ 0 S s sS ^ 

a = | = ^^ 
5 r 

T=^ = 2TT,/^ (1-25) 
= 2(3.141593) 



5 (1000 m) 
9.81 m/s2 ' 



T = 142 s. 



(1-26) 



lal = — ^ 
r 

r = — 
a 

_ [(3.00X 105m/h)(lh/3600s/h)]^ 
0.05 (9.81 m/s2) 

r = 1.42 X 10^m= 14.2 km. 

o 5 

:(1-18) j».lj-=>"wi.l I'i'i'Snj lir: ^1 fjjci Lii! UUa^ i4jjt 

r = L sin 0 ^ 

\a\ = — 
r 

(1-27) 

_ (1.21m/s)^ 
~ (1.20 m) sin 20.0°' 

\d\ = 3.57m/s^. 
.(^jjIjJI jLuill s^^^ l^lj Cxs^-^ 4 1-> < II 6l^3l 



T - M^i = 0 ^ T = M^i = 100 newtons, 
T-W2Sia0 = 0 

r H^i 100 newtons ^^"^^ 

KV 2 = = = 

sin 6^ sin 0 sin 30° 
= 200 newtons. 



itUI jJjjj (jl Jj3 (jjj JSSl I^Ui W^2,mln \^ .(^jJ-inil JiiuSl ijJjj^ 3^ isS^^^ 
.jO^I Ji^S! M^2 '^^S Jjjli (1,1 j^jj (^S! IS^lli M^2,max J .j^i^l J-tSl P^2 

» 0 if ^ iS 

(j 4j| .Y-Y J ^-V cg-l^ '"-11 j (jl ^ i^>a lllpLs-l J-=JI ^'i II I o 



r 




.(1) (^-Y) ijLi^ _>^i uu^ „ :\-Y jii 




4 



W2 



.(^) (^-Y) ijLi/JJ r,,.,~.\\ UU^„ :Y-Y Jii 



y: N - WzCosO = 0 ^ N = W2 cos 0, 

x: - r + / + W^2sin0 = 0 ^ 

Wi- ^,N -WzMn sine = 0^ 

Wi = FKz.min (sin 6^ + /j^ cos 0) ^ 

Wi 100 newtons 



sin0 + /j^cos0 sin 30° + 0.4 cos 30°' 
W^zmin = 118 newtons. 



(2-2) 



Y- 



iJlUlj Jj^l yjjjj U^U 

M^2,maxSin0-/-T = O — 

W"2,max Sin 0 - /J^Pf2 COS 0 - W^i = 0 — 

_ H^i _ 100 newtons ^^"^^ 

^•""^ ~ sine + jL/^ cose ~ sin 30° - 0.4 cos 30°' 

W^2max = 651 newtons. 



Sia.!^^ X (j Sia.!^) C)'iljl-«-o 1 dJj £^ •Sjj^l.l SjjuIjJI^ Sjii^l iSil) 

(jljjiJ) (jj^^ iSjjiUo ^jji. (jj^ (J^^^ 5^3 T2 (jl j 'W'^l + 

x: f - Ti sin 01 = 0 => Ti sin 0i = F, 

(2-4) 

y: Ti cos 0i - Wi - W2 = 0 ^ TiC0s9 = Wi + W2. 

Ti sin 6^1 ^ P 

^ = tan 01 = =^ 

T2 cos 01 FKi + 14^2 

(2-5) 

01 = tan-i — . 

^ M^i + M^2 



01 



W1 + W2 



T2 02\ 



W2 

(v) 




y 



02 



0) 



.(uj) j-=JI ~ '"^ II " j^l 02 jl-=^^ 



x: F - T2 sin 6^2 = 0 ^ 72 sin 6^2 = F, 
y: T2 cos 6^2 - = 0 ^ 72 cos 62 = W^2- 



(2-6) 



J. — '-I iiiliJI Jj-^l 4JjL«II 



72 sin 02 ^ n -F 

— = tan 02 = — 

T2 cos 02 1^2 



(2-7) 



92 = tan 



-1 



W2' 



.aUjI 5^ "^j" (_5,55JI O'iljljL-oj i£-Y J's Mill ij (>j-a _>:aJI "'^ II l^l^^ ^ (^~^) 

x: M^sin0-/air-/fc = 0, 
/air = 0.148f2 = M^sin0- /jfcM^cos0, 

(2-8) 

y: Pjv - W^cos0 = 0 ^ 
Pjv = H^cos0 = (620N) cos 20.0° = 583 N, 



YY 



tiJliiJl^ Jj"^^ lP.^-^ Lj^^LS 




.(V-Y) ijLu^ ^1 r. I I UU^. :1-Y Jii 



0.148v'^ = (620N) [sin20.0° - (0.150) (0.940)] 



125N 



(2-9) 



29.0m/s. 



0.148N/(m/s)' 

:Loj5> Sjflll yj X llljLjL-a .0-Y J's m (j (>ll-o ilLaJI isj^ S^l t^t^-^ (^-V) 



x: Pi sin 0i - Fz sin 02 = 0 => P2 = f i 



sin 01 
sin 02 ' 



y: Fi cos 0i + F2 cos 02 - = 0 => 
Pi [cos 01 + sin 01 cot 02 ] - = 0. 



(2-10) 



Fi 



w 



F2 



cos 01 + sin 01 cot 02 
Pi W 



(2-11) 



sin 02 /sin 01 cos 02 + cot 0i sin 02 ' 




.(1-Y) ijLi/JJ S^l UU^. :0-Y Jii 



.Pi SJjLjlxi (j (I^jIq mil il^jJjJjJI JlajJ-ull 
I 0 1"^ '' (_5jJI L>lj>ll ^in-i. l-Y J's ni (j (2;vj1I (_5,3iJI islii>_a ,_yi3jJLj (''~^) 



sin0 = ^^ = |^ cos0 = Vl-sin26?= ^. (2-12) 

(^llij^_>il (^,5^ jl I (^Ijj'^l (^1 X aUvj'ill (j (_5,^l n (3-0 (_5_>j 

Pi sine = p2 sine ^ Pi = p2. (2-13) 

I Ji^-^ 

I (^1 J-c jj^l 2£) (^jJI v-j^jj"^ (j\jjj_5-ojLJI (j^j^^SJI jIaLo viJLllI 



tiJliiJl^ Jj"^^ lP.^-^ Lj^^LS 




y 



Fb2 Wi 
.(o-Y) ijLi^ UU^„ :-\-Y Jii 



Pi COS 0 + P2 COS 0 - = 0, 

2Fi COS 0 = M^2 ^ 

31^2 



(2-14) 



Fi = Fz 



2COS0 2J5' 



i>_i^jjj'^l (3-0 S^SJI 31 ^ 4jIj^ (j^-o-i - '^"11 J-^J -Ijc if-i 



^'wi - Pi sin 0 = 0 = 
Fwi = Fw2 = ^WztanO 



(2-15) 



Yd 



^Wl j^lS 



j^ii (^1^1 03^^ JjLum Jji^ ( N ) 

iS*-^ -uJ-^" S^j£i :J_i Lo^ ilLsJI ^j^J ^ >m--> II UI^A. a (1) (^-V') 

^ J^'i! ftLaJj'ill (jl^ IjLi J^^Lua l(jjlr. Sjj^I S^jSJI iLua^a^ 6^5^ u' II ij-o 

:(jLi <(^-V J^-oi ij cjoil k Sj^^I "LaJi-a ftLaJil) 6Laj'i!l 

F-2T = 0^T=^F = 50 newtons. (3-1) 

p ^ 

5I"<II azj mi d\-<\\ ai .^^ _>iJI jSj^ Jl 5 wn'^lL 3I-<II 31-- 
\\\<, n\ ^\ .di = —azk UjjJ (jj^ <a2 = dzk <jl7i'C.i .afc __>iJI j:^ 

Tfe - migk = mi (a - ^2) k, 

(3-2) 

Tfe - m2gk = m2 {a + ^2) k. 

:J_i Lo^ ejyJjLsiil c^Vtb 4jLj^ SjLc^ l>^-*:; 

^-5 = a-a2, 

^ (3-3) 

= a + ^2. 

m2 




rf — + — ) -2g = 2a 



4 vmi TYiz) 
= (25.0 newtons) 



(3-4) 



1 



9.80m/s^ 



5.00 kg 2.00 kg 
a = 7.70m/s2. 

:(jU iiuliJI iljLiill 1^ JjSlI 5JjLiil dUj ^ jJa La lj| 



a2 



L m.im.2 \ 



2 Lm2 Ttii. 

Fq fmi - m2 
4 L m.im.2 

(25.0 newtons) [M;^ 



(3-5) 



a2 = 7.50m/s. 



YA 



j^lDI yjjjj <j>jU 



yfloor = (l/2)At2 (S'jl lluLuj Sj^l Udit 

ybsn - ytmsx = vot - lx^Ji\ 3^ Sj^i ^U3j) .ybaa = vot - {l/2)gt^j 
t = vo/{g + A) (jjL^ .(1/2) (g + A) 



(3-0 j^Sl dxulj kj tg = —gk -"^ (^-a "i^jj) ^7 + A 4lijjLa. 3l^<- 

Jj:i ^1 j^S! s^i (Y-r Jlla) i>iJL lijl, .(ii^jSll s jUl 

.\ ' .it 

.Lc. jl Muo ojLxail (j:^ |J \j\ oljjil L&JjSj.ii (^l^ ,_jlJI ,_yj5ij (^7 + A) 

.(^ + A) 'ClijjU- 4l=^ Lj^j^ 
cj cj^^) ^ 4_La-c Lq 3o '-^^ ^-^i ^ * ' "^o" Llj^-oj <Lq (_^| * 

(M-^ ^J^t Sjj^l (_5^jSJl 4ajLSJ I (^1 Jaj^Iu <L)^j in< Cul^ ^ La^ 

.6jU,l J ij->"ill ijjli L>^ 4.^lj Ci Mill l^Sl ((4jJLl^)) l(j <o ml 



^ p ^ ^ ^ 

4"il-vf. (jjii CiUa Sjj-ail J^^^' (Jl ijjullL il' 4"il-^r. ^\ m-^ ^\ ijii 'i'j'k' 

iP = m (a' + a) (_yA ^-._WM-->II 4^ iljL*^ .^^i^SH jUa)ll J| 4jm.iJL a' + A 
□ .-mA iJUkJ) 5^1^ f 4a5aLJI S^l ^jA^ F' if' = ma' 



fs,max — Us (^board + ^boy) 9 " Wboy<^mln 
Aboard 



1 + 



Wboy 
(0.200) (9.80m/s2) 



1 + 



30.0 kg 
50.0 kg 



O-msa = 3.14m/s . 



(3-7) 



(4.00 — dbd) i jjAlc tf^ll iU^ 6^5^.3 '^bd = —(^hdi 4lLa^ iii'i iiii ,.ul--> II J.Xi 
:(JljJl^ I in II J.£. SjJ^I S_jiJI (jj^ (jl ^^'i i n Lajjcj <(jjjjj iuLii/ _^l CjIj^^) 



fboy,x = Wboy (4.00 - ^bd) i- 



(3-8) 



rJLlll^ J-c- iiliSlI S^ill 4lin"> n (jj| (jjij (dJlill (jj,^ 6-5^'-* j^lj^jjiiL 

fbd = -mbda-hdi = IJk (wboy + Wbd) gi- Wboy (4.00 m/s^ - abd) = 

- (mbd + TOboy) abd = IJk (^^boy + Wbd) 3 - Wboy (4.00 m/s^) ^ 
(0.100) (80.0kg) (9.80m/s2) - (50.0kg) (4.00 m/s^) 



80.0 kg 



= 1.52m/s^ 



(3-9) 



^IIJI Jlj^ oS'^ 




aboy = (4.00- 1.52) m/s2 = 2.48m/s2. (3-10) 

sijii ^^ „i -> i i luu^. .Y-r li iilxo ii^L^ij ijiiji.-^! iiuji (i-v) 

jj^ 1 1 (jj^ ■ II 4 1 ii^j*^! Sj^l jUal jl"-- '■ .V-V J'C m (j ^l'- "" ijJLflJIj 

(3^1UI ci^jlsL-a jjajc ij-c-*i! y jj^^'b '(il>y^' ,_s-Si*^l ssUvj"^! j x 

=^ 

x: pMm sin 0 = mUx, -Fum sin 0 = MA, 

(3-11) 

y: FMm cos 0 - mg = may, 
iiSiSlI 5U ..ll ^ Aj .yj X t>j4L=vj'i!l (j i_JL5JI 5U ^ I >>< Laji a^j o-i^ 

4_L.a^^ljUQ -^..^ 4_Lujlj 4_L^.£ ^1 ^jl t \ n-i d i \M -v llj Sj-iAllI ^ia-uj ^jl .S^^^ 

.J^Uil ^ 1 n~>. I d-iiLisI Sd^ij ^JjLiCa (Jl ^1"^ '■ <Aj 'tl^/J '^XJ 'pMm 

J.ol^U 31^ ji\ J'li. Lix,*ii 3^ »_JLflJI jijij (^jJI ojUI ^ SjSmU iljLiil 

S^_^ <Q^Lu JJ5JI jl^ Ijl (. i-ij-Lu JJ5JI J-c. iifli'i!! S^SJi (jli 

d j-~"t l jLla)!l (j .Ay = s sin Ax = s cos 6^ 5 SiLJ. Ji^Sl Slj\\ J-c t_JLaJI 

^ « ■'■ ' i(jLl=i^l IjjSi (j jjU^-oll ixi'^L*^ ik _^l ~ i-^" lii "Ui 

(j! J^I Ay'/ Ax' = -tanO ^ Ay'j Ax' ii^Luil 5< ,.r<ll UjIj j\ 





:iiaiajS!l 



Ax = Ax' + Axm 



Ay 
tan0 



A, 



Axm 



(3-12) 



A 



pMm sin 0 
m 

Fum sin 9 
M ' 



(3-13) 



pMm COS 6 

ay = g. 

m 



rv 



j^lDI yjjjj <j>jU 



tan 6 

Fum sin 0 _ Fum cos 0 - Pmto sin 0 

m m tan 6 M 

_ mM cos 6 
M + msin 0 

■ a a (3-14) 
m sin 0 cos 0 

A = ^g, 

M + msin 6^ 

_ Msin0cos0 
M + msm 6 

_ (M + m)sin^0 
M + msin'^O 



-Dsin0 4a3.At^^At= t^^^ 
2 V a-, 



At 



2D (M + msin^^) 
^ {m + M)gsm9 ' 



(3-15) 



2 2 Lj M + TO 



JjjjjJI 4Uf. J-t Uj-^ II -taiUj .4jJt 4jJ^^ ijillll^ JjUI grU.iill iijl^ Loji'^^! 
(j JjUI Mill JjK'i Mill J^j'iinll iLajJ 4j^Lu« iX 6Laj'ill J-t 

6 jUitI (jS-oj m J\ isLi'ilL J^l^L j^j'nnll ^Uoj g siaO i jLui*j| 6Uj'i!l 

rr 




Tsincx + sin0 = sin0. (3-16) 

J_>:a.-0J .Of = 0 ^ IjO J mil jbS n 4j (jj^ C^jJI ''^jH J^aJI 

^Lki 3U<- (jiia'il iijUix, m 3U<- j^. U;U".I ^lUjj iJjU.1 j^-U „,U iijl_^l 5U »ll 

.m Jl isLis^llj jjjiiioll 

(3-0 J2l 5U « . Ttl Jl isLi^Ll JjOluaJI ^Ual 1-^" dK"i->l J-o (cj) 

:(3Li M iiKJI j^LkUl cUl^ Ijl .g sm0 

y- f normal - Mg COsO = 0 ^ f normal = COS 0, 

x: Mg sine - /Jf normal = Ma;^, 

(3-17) 

Mg sin 0 - ^Mg cos 0 = Ma^ => 
>^x = g (sin 6^ - /J cos 0) . 



j^lDI yjjjj <j>jU 

»J (>o^ iJjJaj-uii) J^ j'i i nl l i l '.''> iJjU.1 ^Ja-uJ) 

jLaj| ll)'- '"J^ .1 <S Mill Jx. (^JjAjJi J| 4j muJL jJ^'iU Ji-Lul 

.a 

y.Tcosa-mgcosO = 0 ^ T = mg^^^, (3-18) 

cos Of 

x:Tsina + mgsind = max = mg{sin9 - ijcos 9), 
mg tan a cos 6 + mg sin B = mg sin 6 - fjmg cos 9 => 
tan a cos 9 = -jj cos 9 => 
a = tan"^(-ju) = -tan"V- 

Jfl (III isLaJil (j I SU n (jj^ (jl » ■'■ ■ iaj^l (^1 4 a (jii's >~i SjJLuJI SjLii^l 

(j Sjjjil Sja^^I S^iJI .iLojJI Jx SjjJJ.1 iujUJI 2^5 wi^^ (SiojiJ) Jx. 

ijfl^ < (^1 j^^JLili jij 'Olj"^' O^J^^ cii 4 1 (ii'ilL I (j ■» 1.^ jjg Ja^L^ 4iAx)l 

4iAJtJI 6dl£ ,>^^ I <i.n'i = COT (_gj\-uxjj Culj L&jIdLa 

ro 




/s.max = ^sPN = Hsl^d 



Hsg = w r 



(jo^r _ (33 ■ 2tt/60s)^ (0.15m) 
~g~ ~ 9.8m/s2 



0.18. 



(3-19) 



oljljil jLkSl i_sLuajl (^1 ^ 2\< 4j jjIjJI vjijljljil I'li^ Jlsl La I jl (V-V) 

(3 c-i-tuLjjJl Culj (j-^l (j^ ^-^i •'P 3^ CSS^^^^ jij-oiJ C^J^-^^ L>^3^^ (J^-*-^ .4_<Aj^^ t n 



(3-20) 



^IIJI Jlj^ dS'^ 




An^ J-aL»JI g-adJ f-J^ LljLi iJj^ La^ fc Cj-iLjJI ■ ''J*"' l'-'-'^ " ■ 4jl Lojj 

k—=r^-^, (3-21) 
r 



grav 



(^l^ Ijl <jl 111 j^jislj jt-s II , o.^'.l 1 — n (jjj"i!l ^ ^ ,,„l\". s^sJI (3_^LS (^jl 

.j^jlxs ^ La^ n = 3 (^Li 1 — n = —2 



= (3-22) 



rv 



ma = m^- = -fs = = — . (3-^5) 

dt R 



iLuiuJI SatU j^j^kliiu dJjJ i(>ojJl ^b)" it _;^J) jjjj 

df _ ds _ dv ^ (3-24) 
dt d5 dt ds 



La lj| "Ig-ui 4jli^lilJI iljljii) ija. (jl •^e-'j^ 4j Mil nil Ir. ^jjt, V 

jIaLo 9 (Jjuaj (j^l Ijjl t^i«-0J tiS j (jj^ ^oaLI 4jKH isLuii) Ijjla. 



dv dv JLiV^ 

dt d5 R 






J vo Jo R 






(3 


In^ = -ij9 =^ 




Vf = voe~^^ 





ilSljJI ^^jyii <Us (^^5^ (_5jJI cgjj '^flll jL^a)!! jLjj^I (Jl ^johll IjJ-^jJ ('^~^) 

l_yajSLi\ i.'w"n (iuiajSlI jLkl^ (j it ijjisjSlI J| 5j iiuJL iil>=>-l; j'-'=i^J <U^Lm 
JqIjuq >^jI Ijj& J| ^xuijJLj d^l£.^^\jLi ^^JaLu pLijI ^ * 1^1 Hio 

i|%_iS"i Min la^ ij (_j!ajUI dj-aJjj (ilsUJI ^jj-mj ^LuA\ jUa^ll j .Ujt-ua 1^1 4^_,>^l 
6^ IjC I o jUa^l lji& (3 (j^^^l jl Min Jx. SJaLxaa 6jJ^ vtxi^ 



rA 



^IIJI Jlj^ dS'^ 



y 




.(^-r) ijLoii uu^„ :v-r js^ 



ay = -ijg cos 9 = ng 



(3-26) 



4 _ {2ngD)^vl 



(3-27) 



(jj^ ilUJ) 6jjSi 



0 = Vo+^ -2^^^ . 

" COS 0 

- + - ^ (3_28) 



2 



2 _ {2ugDfu 

2 



u{u + V^) = {2ijgD) 

u - 



2 

_ -(6.00m/s)^ + V(1296m4/s4) + 16[(0.2)(9.8)(3)]^ m4/s2 
~ 2 ■ 

u = S.SOm^/s^ => 
Vo = 1.87m/s. 

(3-29) 

Sjji\ (3^3^ Lajjj ((^ftjAjl Pi'in (jl"' ' "'1^1 LaAl"<l->f. Cul^ lj| 1^5 < JJ^I ^-^ 4 >ii o*^ Jx. 

jj^'iU Jx. jj^JI 5iax jIaLo (jSjJ .i_JLSJI jj^'iU J| 4j muJL llsi) Lijl 



1- 



^IIJI Jlj^ dS'^ 




90°- 




Mg 



.(^ --r) ijLj,! uu^„ :A-r js-i 



m: ATm - = -muM sin 0, 
M, y: Nm cos 0 - N-m - Mg = -Mum sin 9. 
M, x: Nm sin 9 = Mum cos 9. 



(3-30) 



Nm 



Nr, 



Um 



(m + M) Mg cos 0 
M + msin^0 

mMgcos^9 
M + msm^9' 
(m + M) g sm9 
M + msm^9 



(3-31) 



■ .jIUtI J^l ^ \^\\ 5jjl_^l d-M 3U ..ll 

6^ cr*^ cs^^jJ' £>UJl'i!l 



Uy = ajvf sin 9 



(3-32) 



tiy cos (90° - 0) = tiMSin^^. (3-33) 

n_JL5Jl^ jj^l (j-o 3^ Jx. JjUI Mill S^ill |_jjj^j-o Jl >lojJlj 

:ljjjJ (jj^ 

mg sin 0 - JV^ sin 0 = muMsm ^ 6, 

(3-34) 

Mg sin 0 + JV^ sin 0 = Mum- 

:Sjji\ 4 Kf. Jin^'i (jGjjLxt,) ^o-^ \ 

(m + M)^ sin0 = aw (m + msin^^) => 

(m + M)^sin0 

tlM = tt; — ■ 

M + msin 6^ 

i^^Low (i ImJi (jj^ (j! oijpi j M (jjis (^ ^-v) 

:'\-r jiAU lLl .lU-j 

T%/. = -^?- -(T±/.)i = -^i, (3-36) 

. J-LuJI ^L^^t 4_tUL£Li ^^j5> ^j^^^-j ^ tJ-^^ ^Lt.al.1 ^^^^ * <s 1 1 ^^jfc — i 

J ^S^\ (SjLi)!l t^I) s>UJ1^!I (^Li aJjJ vZuQ aUJll 

T + nmg = - , 

' min 

(3-37) 

T - ^mg = => 



^IIJI Jlj^ dS'^ 



< 

fs,mdx 



fs. 



Mg 

.(^ ^-r) ^\ p „ ,^ i i uu^. -a-x ^ 



Trr^sK _ {M + nm) g _ M + lim ,o oo^ 

~ 777 ^ ~ 77 ■ (,0-30j 

rmia (M - /Jin) g M - urn 



\R-fr, 



R 



(4-1) 



Zj-mjfi 



1 

M2 



M 

(n - rn) 



M 



^my (rj - ni) 



(4-2) 



Mi-> II ol^,,>:^l ^lo'^ 0->"i p iM^ II i3 JjsLjl^ dij) ol n I (ii-> II ^ t n-^ 4 l"i^ II 

~ '"^ II Jalj (2ys 2 US'. ^ 2 l"< II j^jjs i^li JIjJLj 
JiaJI (j-o iaSLall »>aJI (j-a SUaJi-o 4j-o^ ^1 jjc iijiaji!! ^f^' S5UI (V-^) 
iSjjIjjj'ill 6jJ|>^ ikij ijLui! (JfaJI i-9_^ l(j Us MM y isLuw ,_5l (_yA_3 13/ 

13/ ^ SiuijSlI J-£ (JiaJl (> J^l (i>kll J^^J 



f (y) = ^ + w^- 



(4-3) 



ljl ^jjj dm 4lK Jj^l (>o £>llLa Jt--> I ioj'UI S_^l Ji^ dp/dt 

(j:Loj (dm Ji=JI (>a iiUXo J^^Ja .A = M/L dij-^ ;Ay (^jLuj ^ ^yij iSjiri'iU 
Ja^jixu ilU. ij dm j^Oju Ijj^ dJj^ iv^ = 2gy ili_i->. iv ijJiaJJ) ir. ^1 SjomG 
j^llLI jyiLilL) J^jUl dy dij-^ iiim = A ■ iiy^ tip = iimv JIjJIj^ 

:(jLs '.dm iY\<,\\ 

F{y) = ^^ + ^y3 

\ at J (4-4) 
= v^A + \yg, 

F {y) = 2gy ■ A + Ayg = 3Agy. 

4-aj5 y (jj^ Lojjt ^jS'tTi 6^ (^-iiSl (jl I'tl^--'^ ■{<-)) S'^aJ' J-^ SjU.*^ 

f ... " 

jvkjjj Lojjt (jS^'n^ 3Mg i^j-aJixll S^il) jjjjt (jj^ = L (j' <(_y.aia£. 

jljo o j_g-a3U dm jji^T ^2)"^ SJ jS ■» n 5^ ."'.11 J) jjj, .SjjiijiLi J*^ II 5.. Ua 

:,..IK-n di^l 5^ pUj (!) (r-E) 

Pi = -P2, (4-5) 

_^UaXi (^1 ^_^l> I'll .JIjjJI 'Vj N (>"ut^ imII d__>:aJlJI LLi^ Laj5> p2J Pi i-i 

IjJljJl^ (joJaJiil (jU-ajJI_j (jocj U a 1 1 (jGiLuiil 

120m , 

(4-6) 

24.0m , 



(Ijfl ii^ (jj^ ^! |_jJujb) X U (J,^Ja iJj->"iH oljo^ ^jo-> o ^1 <xaj I < o i 

:ljjjJ (jj^ 

Plx = WiVix = p2x = m2V2x => (E-1) 



12-0 „ ,^ 
in2 = mi-^-zrzr = 2mi. (E-2) 
6.00 

:6jLui^l |3 (j<"ifll"i'^ jldoll (3 (jGj^l (inn (j<"nl^ Mill ^\~\ \ iiiljjl iilj->"iH l"no^ 

miViy = -in2V2y =^ Viy = -2V2y. (4-7) 

Ijjl^l ill ) kii^^ (j<"nt^ Mill (_^ljJI 
= (10 s) - (100 s2) , 

= (lOviy - 490) m, 

, ,^ , 9.8m/s2 / 2\ 
-h = V2y (4s) (I6s^j 

= [-2viy - 78.4) m ^ 

lOviy - 490 = -2viy - 78.4 =^ 

Viy = 34.3 m/s ^ V2y = -17.2 m/s ^ 

/i = (4s) (17. 15 m/s) + 78.4m 

= 147 m. 



(4-8) 



(jj^ (iixi J^l dit Jj^*^) ikflj jUjL .4jt^MiH 

0 = vly - 2 (9.8m/s2) (y^ax - 147 m) =^ 

(34.3m/s)^ 
yn.^ = 147m+ ^g^^^^, = 207m. 

mass: mi + = M = 3.00 kg, 
x: Mvo = miVi cos 9i + nizVz cos 02, (4-10) 
y: 0 = miVi sin^i - m.2V2 sin 02- 

wii sin 01 

V2 = ^'1^^- (4-11) 

m2 sm 6^2 



Mvo = m\V\ cos 01 + mi Vi sin d\ cot 62 =^ 
Mvo 

01 cot 02] 

(4-12) 



Wi = ^ „ ^ _ 

Vi [cos 01 + sm0i cot 02] 



(3.00kg) (350m/s) 



(900m/s) [cos 20.0° + (sin20.0°) (cot 40.0°)]' 
mi = 0.866 kg ^ m2 = 3.00 - 0.866 = 2.134 kg. 




0 < L^'^ 02.01 



.{l-l) ijLail UU^. JS_i 



mi sin 01 0.866 kg , , sin 20.0° 

= — vi— — TT = „ ^ ■ , (900m/s) 



m2 sin 6^2 2.134 kg 

V2 = 194m/s. 



sin40.0°' 



(4-13) 



J's t M < oLiIajiiJI Jj^ ^^j-oj^ '-"11 (^1 jjlj^ 'J <JjjsiU^ Sj'nIj (j (yj x (j 

ISiJliJI iJjUil 

d^isJj <J-o^ ij (.5^->" Jj-»-l-l c5jL^ Lsijljiji ^jJI 5^ 

J^S^I 3 1"< I j_ylajJI JjJlil ^ ^jjLuaJI 3I"< y^«"ll ^^j-ajJI JjJlil .jijL«JI jLc. 

dM _ fuel burned 
dt burn time 

_ 2.300 X 10^ kg - 1.310 X 10^ kg (4.14) 
150s 

= 1.446 X lO^'kg/s. 



T = u 



dt 



u 



\dM/dt\ 

(4-15) 

_ 3.402 X 10^ N 
" 1.446 X lO^kg/s' 

w = 2.35 X lO^m/s. 

(jl^ ilia lla. iLjSj 0,iul (4.29) iJllil ^ jjLaJI iljLa-a (j! ^] (jr^jjj 

— liik ,±n-> > (4.27) Js^ Ji'^^ -^jM' ->y^ jL?^' ^jfl^ 

(Mv - Mgdt) i= {M + dM) {v + dv) i - dM {v -u)i^ 
Mv - Mgdt = Mv + Mdv + vdM + dMdv - vdM + udM => (4-16) 
Mdv = -udM - Mgdt, 

ilia.'l^ ^ iit 't^'j^' Ji^all j Lo^ 



:(dM <0 Ij] Jj-aaj JjislijJL 



f dv' = -u\ 



Mo M' dMIdt 



dM' =^ 

(4-19) 



, M M - Mo 

V - Vo = - w m a , , . 

Mo dMIdt 

, / M \ M -Mo , 
:(jU t = 0 4:! ^IDI^ -ihjjM ^ = 9.80m/s2 



Mo-T- = -u— - Mog > 0 ^ - w— > Mo^, (4-21) 
at at dt 



LSjLi. j'ila)!) Jx. Jlaj Loj^^ L>* J'^^ ^^jl inll (jLs "ili^ 

.^^jLisJ) jijJ 2:SjJ) S^aJ >iu (^jJI (jliJI jOSJIj S^jJjLus 4jKJI iti^l gJ-uaj 

Mo = 2.80X lO^kg, 
M = launch mass - mass of 1st stage = (2.8 x 10^ - 2.3 x 10^) kg, 
u = exhaust velocity = 2.35 x 10^ m/s, 
t = time for first stage = 150 s. 

(4-22) 



V = 0 - (2.35 X 10^m/s)ln ^ 



5.00X lO^kg 



2.80 X 106 kg^ 

- (9.80m/s2) (150s) ^"^'^^^ 
= 2.578 X lO^m/s. 

^^^^ Jj--> n I X j_^aJ.I J^jii J-C- 4-> U (III! iijj(JI ic |i_<lll .X J^^ia 

jLaj^ i_uiilll.l ^_^(j-%"tl (jjLijJI j»-tujJI ^ V-£ J^_mJI .u ji^l Sj^^jijLo ifljjiJl 

ius^ k6-> C5-iJi -O^ J^' Jl 4ij SjjL^I <£. V' i±ij-> ;4ij jSj) 4t ^ 

mV cos « = Mw 

mV cos 0 - mw = Mu =^ (4-24) 
mV cos 9 



u 



m + M 



or 




= V sinof = Vsin0, 



V' = V' COS a 



Mu 
m 



777^ = tan Of = — — ■ V sin 0 
K Mu 

mV sin 6 m + M 



M mVcosO' 

m + M 

tan a = tan 0. 

M 



(4-25) 



or 



SsUai\ JxAi\ J^LuLo (N) 

juJI JIjjXujI 4jjbca (III I Ws n 1 4JL^I 6jjS> JIa (j .1 g ilf. J in^'i 

liijljlj'^l U d)A^ if ball " ^racket = -(l^ball - liracket) 

A 0 1 1 4 1 1 (ll'lll (^jj (lilft ^1 J'^'l MlU .6J^Illxa i^jLusjJI JJLJ 4^L^^I 

I 6j^l^ 

Vball - ^racket = - ("WbaU - ^racket) . (5-1) 

<j| ^1 ^"1 (jii'sr .'Ij^"" Sj^l (3*^ — lio i-oJ-SJI '"'jj 1^ 

J-* ■»"'"' "i! "Gt II 4j=txul^ Jj"^ " >— ' j"^! I (jl j^_>^ -(^ -I ' ' J 1 1 ^LaJj'ill 
•f^ (j-oj i^^racket = Wi (jLi (jj^ i(4j=i^^a-Lo 4j o^ j JSSII 

f ball ~ Wracket = Wball + Wracket ^ ball.max = Wball + 2Wracket- (5-2) 

^Ua^ (3 ~ ' I ■ 1 1 J ■ "■ ''l'''^ ■ j^l Jl ' ■"■ '"I AjjLi-a ^ I »" f-^ ^ (_$-^ 

itjiju Jjjj |>J 'Wball + ^racket L&jlj-S-o icj^ju JsjL^I Sj^l i_j^r^-fljj i^^Lui 
SjjjII S_>^I ic 'ij^j^l Jl, Sj-milLj .(jii^Lall 6LsJj'i!l (j jljill iijLuw 

•Wball + 2Mracket 



6 J iri'iU ^xS'^ ^^ij i_JI-aJI ^Uaj 4 I Mi'ilLi .Jj^l |J| 4 t iii'illj LojIj i_9^^^JLd 
^ +Xj t^^l J>la J-t X j^jaJ.) (j! ^I^Lj) UjJ (jj^ LjjJt jiSjj 

:(c>j-ojJI 

= 0= -MV + m(iicos0- V) ^ 



ucosO = V 

m 

M + in V 

u = 



(5-3) 



m cos 9 



. „ M + TO,, 
usirvd = VXaxvU, 

TO 

{jC 4 ojSlU (jAi^jJuJU^ isLLaJI Ka-^ MiL .Jji^l icj-j; jlji-0 V 

KEo + C/o = KEflnal + t/final, 

= ]:MV^ + ]-m ^{ucosO - V}^ + (xtsin^)^] => 



2mgh = MV^ + to 



( 



V + V-V\ +( V tan 01 



= V' 



TO 

M2 (M + to)^ 



M+ — + 

TO 



TO 



TO 



2w}gh = [m (M + to) + (M + TO)^tan20] 
= V2 [m + (M + TO) tan^^l 



(5-4) 



Mcos ^0 + Msin^6^ + TO sin ^ 0 
cos 2 0 



V 



2w?ghcos^6 



y (M + to) (m + TOSin^^) 



jflflll Jii. jjj-i Laiolc- ,_jjJI 3 US'.II ^^ jil all ic ^S^"" (|) (^~^) 
. JjiSi ^jLujj Ijl^^ I mil J| J-^ jiLDI UsUjjj < J-cSI 5U til isUJil 

^jumper = — kx = 0 

mg 

(5-5) 



(80.0kg) (9.80m/s^) 
200 N/m 

X = 3.92 m. 



.\ji-a jj£. (^J ii-lfl II i£._;uJI ^jS-tVl ^ Cy^S 

ijliol V,^Y jliiLoj JiuflJI Jj^ ijj^ JjU'i MM Lajjt (^jj^aill it _;uJI (o) 
:^l 'i (^jj^j^l (Ji-uil l^/La 0 * jjt ^^La-LI ^Uaj (JjlaI 4 Pifl't 1^ I iri I 

KEo + PEo = JCE/ + PE/ 
0 + m^(50.0) = Imv^sK + mg {-3.92m) + :^k(3.92m)^ =^ 



Vmax 



(5-6) 



orQfln ,2^r^^Q9 ^ (200 N/m) (3.92 m)^ 

2 (9.80m/s2) (53.92m) — — 

80.0 kg 

32.4m/s. 



.9.80 m/s^ jiLDI iLa^ J^i^' ls^ ^'j^J' '5^ ° • Jl 

.Jx.Sl 4lin^ II 6^1 (jj^ 'jLi-al \",^Y (j-o J;^^! j^iD jilJI Jj;*. JjJajjiu (jl 'Jj^^-oj^ 

(j! Jji fex - > \'mg\ ikD ^S! iLuaail S^l cul^ lj| Lat jjj^ JIJ^I (jj^ 
jiLDI 11^ (5^1 J^^' c^^I jjc 4j^ !,>i^ |J| 4£. ^;uJI 



.mg/k = 5 



mg (50.0 + x) = -fcx. 



2 '^'^max 



1005 + 25x, 



max — ^max 



Xl,^ - 25Xmax - 1005 = 0 



(5-7) 



Xmax — 5 



100 



(80.0kg) (9.80m/s^) 
^ = 200N751 = ^-^^"^- 



(5-8) 



=6^ 6^1 



Xmax = (3.92 m) 



1 + J1 + 



100 m 
3.92 m 



24.1m. 



(5-9) 



.Jjiil (j 9.80 m/s^ (>o j^i^l Jx.S! 4(j-->"to iUr: J| JiiJU ^jJj 



fexmax -m^ = (200N/m) (24.1m) - (80.0 kg) (9.80m/s2) 



(5-10) 



= 4036N >m\g\. 



inflll 6jaJJ LojIj 6_^lxa infl H 



OA 



f = kXmsK - mg 



mg 



amax = (9.8m/s2) 



1 100 ^ 



(5-11) 



100 m 
3.92m 



= 50.4 m/s^ 



,^^^_) 4 Pif.Lu^ 4j^^^3 4jjjL^I 4 1-^ f. i_fll < 1^1 4 iiio'^ I (joJ^JuJI 
.IjrLa VI, N (^1 iXmax (J^ isLisijlj Ijrt-o 0' 6-° 4iL^ ^^^\ (jS>) 

Cji^i^ii-^) N ^tl U" ..Ni JjS <Jjia tjj^ (^Ul Ji^aJJ Uv^^ CjjIj ^ K (^-^) 
^I^jLl^ILo^ P jI| 1 1 ^3 (J Ijj^ LtoJ-o ^jlj^^ l*^! * * Ijji^ t ^ 4_i J LiLk. I (J^5-lis 

J + F/K Jl J.^ Jjl---j 



F ^1 ^fl 1 1 (jljj^Ltuj-a (jlj^ ^^1 l>^l Jj} ^ (3 4-1^1 ttn ^CjIj^^ 4J (jJuJ 
i(jvijJ=JI (j-a I j'.l ..." isUjj'^l (j (jljjLiXoj jIjS U (j (jlljjl riMa F ij^jS L^-ilc- 



.LF/K ^ysi JiaJI (j SjLjJIj ^ SjiiiS 3^ (j SjLjJJI (jLi ^ (jx,j 
^ (j-03 ;(J^jIaJI i3 ^jj-»jJI X Of^) F = k ■ X 4jL Ja^JJ k cuIj >-sj-s4 

.k = F/{LF/K) = K/L (jLi 

1^ j.^^ » II (J . " ' I (jL&j^L jluj ■ ° 4j_^JUa ij k_i£.jllj L£.jlj^ lj| 

3^ J,>^ ilILi. ■» igi SjJjc jJaS ^J\ 5 II U" ...Nil (Jj3 I ' j I^'' J'^ II ^ (Mil <L (j-0 

^USH Jiit .4^ 1^ fl-Sjl L/Aj 1/A (jl (jJsl^l 4ln(j n Uaji. 4 i ni'ii I'l'i's fu .A 

S,jJjLu3 iaiiS liijJti (j^LS OjIj (jl^ )j| .1/A ^ Sia.^) 4j^jJo J^^' (j* j 



0^ 



I (j jJaill jat .K = aA (jU ^ (>j :o(/(l/A) = aA ^ So^^l 

ifc = a/(I/A) = o(A/I = X/I ^ Ji^ll (j>iL3 cuIj jjli Jllllj^ li/A ^ 

Sj^) (>o I4K dfcjUSo liflJlkii JLiaJI (>o JJt LjJjJ M <GJj^ JLis. jiU 

Ladle 4j| ijljLAi i^ff^^ J <-> II J J o"< I Ladle vtid^J J-ui (_g>^jl (j^ ^o^l^l 

Jle JiaJI -I^^J^ (^LLaj'ill ikii) 4j ikli JSl jlc ^iLflJI (jj^ 

^Luu (JLiJU^ I Ijii^ jiLflJJ SJ^IjIII J4^I iSLk .L+x ikSjJI 6jj5i 
LliU ijiLflJI 4J3^ (>a ^rjj^ Ja! JiaJI (j*!!^ .ijALklil ikilll Jit -Mg{L + x) 
,1 II iSLL^ I jfl 21 1 U" .,, ^1 Jj3 J.^ II ,1 II isLL .iilSljjJI 6^4^ iSLL (Ja^ 

^11-^ II (2>A lilt Ijfl in 

.(jisLsLLj'^l ikilj 

iijuj^l iljL«II £sla> 3^ jjJaixul .0 = -MgiL + x) + il/2)kx^ ^li 

SjUc CaII^ ljl .Tmax = kx = {K/L)x jJu is^^ i_jLu^ jaj <i_i-^^l Liijia. (j 
I '''''^ " ' .L x/L (2jI ^ '' » iL d-ojjij Tmax (jLa ^ ■■^ 4JLuiil 

X = yL (jU (^j^ ij/ = x/L .iijuj^l iljLxil 3^ 6^ uj-^ '^•^ ilj?^ 
0 = - (L + yl) + ^ {K/D {ylf =^ 

(5-12) 

= -Mgil + y) + -Ky\ 

6jj5> .L (j'^A-olaj "i! Tmax^ y (jl gjisl^jJl (j-ai JljJL^ iCifl"i->-l L (jl Jaa/il 

.^■^ II (^ a I iino^ (jjjiLfiJI (jA j'U^ 4i^jjua 4 9 iS-> II 



A- 



n n 

S^J^^Jf = S^ji^j/' (5-13) 

7=1 7=1 

d ^ 1^ ,^ LgjLi <6jjLjj j^jl ii-^"ll Jj3 ic j^l jjl i ^1 '"11 (jlj-o_>JI j^-ii-i iiAik 

J, ^ s 

: Jj Lo^ J^'ill ^ ^ 1 .^9 I I jUa^l J| 3 j mu JL V "^^^ c5J>^ 

n n n n 

7=1 7=1 7=1 7=1 

n n 

X mj (vji - V) = X ^7 (% - V) (5-14) 

7=1 7=1 
n n 

7=1 7=1 

(Jl (1)^^ [Jj't'l'l .J II J J i<> a 1 1 jUa^l (j 4-laja-> a dJj^" II <j.o^ i^Vi ^ 

: ^ 4^>^l ^SUa t^8-»- lj^ .4^,_>;^ 4aj^Lail 4^„>:^l illia LmSLu 

n n 2^ 

7=1 7=1 

Jj5 j^j Lo^ (A' _>i.l 

n ^ n 2^ 2 



. ,2 ^ -^2 

7=1 7=1 



S o^7 l^ji - 2V ■ i7ji + V2] =^ (5_i6) 

/=1 

i [^1/ - 2V ■ Vji + , 



7=1 2 



^jji,n5H jUo)!l (j 4^ iSUa ioAsJ ifljLoJI LilJjU-a (> ^Sll jk mJI >- 

n n 

n n 

V ■ X^J'^Ji = ^ ■ X^J'^Jf =^ (5-17) 

n n -j^ 

J-t JjJaJI ^^i,nSH jUa^ iuljlj'il) 4^ iSUa 4jl3^ 6jU| lTi<oj 

S ^^i^^ji' = i [^^j/ - 2V ■ vjf + V^] 

n 2 

= S 2^j(^"j/-^) (5-18) 
j=i 

n n 

4 J l^Q^ 1—1 i 1^"^ \ .J^JJLJ ^ 4JI til n LjjjJ ^^^^ ^ C>^3 Ml o ^Ld^JU 



mvii = mvif + mv2f => 

(5-19) 



0) 



K — 




— i 




— >l 




f ^ 


^ f 







F F F 

1^1 ^ ^1 

^1 — ^ K — 1 — ^ 



Ijjj^ jl V ■ 1 1-" . 4^_^:aJI iSUa JaiL^ (j^J 



^mv^^i = ^mvfj- + ^mvjf =^ vl^ = vff + v^j-. (5-20) 



2vi/-V2/ = 0, (5-21) 

^ * '"^ II ^jl ^^^jjuaj i^jjJ-oLaXo '^Ij^'^ll 4 i n*S I ^ ^j^^j^ ^jl 6j^JJ ' . ' 1 1^"* * Lo-o 

.LsiA^j 4 if~i'iU (j ilL^ (j I4J jjjj S^SJI (2j-a joS j^l S^ij 



R2 



D-x 



Ri 




O.ID 



0.5D 

X 



0.9D 



.(A-o) d II iilsliiJI JjjjL^I :Y-o J < A. 

:ijU = O.eOOmj m = 0.500kg 



-mv = mgyo 



V = ^Zgyo = V2 (9.80m/s2) (0.600m) 
3.43m/s. 



(5-22) 



V 



mv = (m + M) V => 

(0.500kg) (3.43m/s) 



m + M 
1.14m/s. 



1.50kg 



(5-23) 



2 2 

= ^(m + M)V2 + (w + M)^y + ^(^) ^ 
0 = ky^ - 2gmy - (m + M) => 

mg + Jm^g^ + kV^ (m + M) (5-24) 
^= fe 

(4.90 N) + 7(4.90 N)^ + (120N/m) (1.14m/s)^ (1.50kg) 

120N/m 

y = 0.175m = 17.5cm. 
(>uSJ_5iJI a^l OAjJI X dki^ iisljjl i>io (_5i-i^l J< Mill (I) (A-o) 

^j-Q .4a£.^ (jl^-Q (3 (J-t^*-!l 4_laiU ^_L^^ 4_i^^:^l ^^ila-o Lll l^jkJI (J^^^la (J_t 

J^-oJI 4 I (ii'lIU .(j^J^j^l (jVJ (Jji^l^l 1-1-^ II J.£. (jj^ (jl 4 l(j mil oljl M-^'^l (j-oji 

\Ri-f\=D-x, \R2-f\=x, (5-25) 

^(^■^\\ 4iU3 4j|j -4^^ 4iLui.Q X ^^J^a. 

, , GM 

U{X) = - : 



D{x/D) (l-x/D) 



.isUaJJ 4jjULa.l olia.^ 

dx [(x/D)(l-x/D). = ^^^=2 ^^"^^^ 



^ . r 1 1 "I IGGmM 
ttAlpha = -GmM + = 3^ 

i^O + WAlpha = 0 + u{x = D/2) 



1 2 16GMm 4GMm (^"^^^ 

-mv ^ 



2 3D D 



8GM 
3D ■ 



:J^jiJJ i>jJI (j! jj'i! ig' = g-d dxi^ ig' 



period = 2tt^ 



2tt 



(6-1) 



SjJ^I (_5,^SJI ~ I '"I Llj^-oj ~ ' "'^ II (^jj^l I- "'11 4jJ^-aJ(JI S_jiJI 5 II ^ II 

C5JJ^' gia-oiil ilaii ^^jI 



3/ = - COS 0 = (1 - COS 0) . 



(6-2) 



1 , 1 

KE + PE = £ => -mv + -m^y = constant, 



(6-3) 




.(Y-A) J^l JS-i 



Jj.-^^ II i^ajJI Jl 4 1 .ti'ilL iSLkJI iljLjLx, ifllix, ji-L .w = v /R 



£ = 0 = I 2f ^ I + mgR ( 0 - sin ( 



dt J 



mRvo ■ {Riio) + mgR svaO ■ no 
dt 

0 = mR^coa + mcogR sinO => 



(6-4) 



a 



Q ■ 
--sm. 



oUlj)! .S^jljJI il^l j-ikJL 



Of 



Of 



(6-5) 



J_c (jjl ^ ^j-o^ i{g/R) J 60^ LlJ,.\M Mil ijl (6-3) Sj^-i-a <J (J^^J 



2tt 



2tt 



(6-6) 



x = rsin0. (6-7) 

GmM{r) mgr , , 

f=^^ = ^. (6-8) 



(M/[(4/3)ttJ?3] ^^Lai3 (>^) 4nl^-nn 4j3^) isl^ (jSl iM(r) = Mr^/R^ li. 
(5_jlJl ^ ijjia (jj^ t>*jJ' C^'^.^a^ 6Lajl (j f <Lajil ij^^a .g = GM/R^j 

^^iill Mil iijl^l ij^^l .3^1 (Jilj j»j-uiiJI (_s-5jj ijji^jAJiJI 
fx = -^- Sine, (6-9) 

.^jfl'iH j^,^ Lajlj Cx3^ 6^^l 6l^3l ^1 4jJLuJI 6jLui'^l ^^i^^ i^i i->, 

6jj5> (jU ^ ilyaj il^Axo dLaj'^li (j 4(j-->"iU 6^1 qJ^J i0 = 0 CjJ^ ikijJI 

p < Mi-> H I dJjLaJ.) (jj^ ■(1)^.3-'^ ^^^.^ (J^^ 4 PiS'iH 



„ m^r . - mgx 

max = Fx = ^ sm 0 = ^ =^ 

J? R 

.2 (6-10) 
_ a-^x _ g 

'^''-di^-'R''- 



•3^ ftJ'Jjj^ l^3ijJI Jx. 



a) = ,/f. (6-11) 

V K 



1^ 1 ^ 



= (3.14159) 



6.37 X lO^m (6-12) 
9.81 m/s2 

t = 2530s = 42.2 minutes. 

jJluJI t_JL5J) 4-->j"i't Sjj^jajJI (jLs ((^^jixli oJliJI J| 4j muJL 
^V^rs (5^ji»J) ijJLflJi J-t jjJj (jl la't'vnj ^pJ) ijis'i!) 6^ t^A^' 4njflH .m^ 

4:^nn 4l-->f. ^^woS! (jU JllIU^ mi'^I dlita."^) 6^ [img ^nV.rW 4n_iSlL 

iLjJJ ^^AkjJ) 4ojSH Jjin^ll^ (.[xg ^ J'^jj'^l 1-1^^=- Jj3 i_JL5jJ 

ikSj liiiri 4j^ IjJ (j^jii ilUJI 6jj5i j .(6-13) J| J^jJU SLkjiil ia-uj) J| 4jmuJIj 

=(> '^'^-AI' -^0 = 0 

= (6-13) 
m + M 

(_jJLjtij.o jjt viiii^j 4 1^ a II jliiS-o (jl (6-13) 4^__>^l iljLa-o (2>«_5 

A'mln = 0.136. 



ii^^ iL^u> j»u^V ^^^tu^V) 



•o'oj^b (t^t^^-^l "i! "Ijl dn-- ^tiJI 1 a n\ Jji\) ii^ Ji\ (>a 

:(jLi ^ ilyaj 

Fig +F2g-Wl-W2=0^ Fig + Fig = Wl + W2. (7-1) 

1: r-fi;, = o^r = fi;, 

(7-2) 

2: f2% - T = 0^r = f2x= Fix- 

.(J infl II Jx. 4 9 n t~i"< 1 vtJl^l (j^..^-'^ (j,?^^ L>^ VsJt J-C nn-> H I iri il ^ tPi'i m't 



1: fi;c2 sin0-fi^-cos0 = 0 
2: ^2^2 Sin0-f2^-cos0 = 0. 





.(^-v) ijLj.1 li p i, .,11 uu^ . :\-v ji^ 



^ (fix + f2x) sine = ^ (^Fig + p2i?) cos e =^ 



27 sine = {Wi + M^2)cos0 
T = cot 0. 



(7-4) 



^^1^-11 SnjSlI Jji^ Sjjij alii i_JLLll Y-V J< .7ill j sV.-ll SJLaJI (Y-V) 

J fl mil (j^_>JI (j j's < Lsijjc (_5J-1I SjjIjiJ (2jjl jS"l fiiU (^Ijj^^l ' .4jJ£.Lflj ji^i-d^ 



tan 0c 



w/2 
h/2 



w 
h' 



(7-5) 



VY 




(3-0 ' (_^'s mI'i ni'^l dKl^'JLl ,_j-cl1=iJlJI 5niSll .jj-ajil Jfl iiH 5 j 1 1 iijjLaJI S_j3 

Fm = mg cos 0 =^ fs,max = ^FN = lirng cos 6 
critical angle: ^mg cos 6c = mg sin 6c => (7-6) 
tan 0c = ^. 

= tan 0c = ^ = 0.600. (7-7) 
ilUJ 6c i> j^^l ^<:r.l"<„i'^l dKl^"^! JxiLjuj (^l^ Ijl : ^ 1=, j^iJI (^jl 

. jjjjj n <w Ih Ijlj .i-iISm h> w Ih (^l^ Ij^ -ul (.r^-*-^ .v.j'ia^'i!! ojo^ Jj2 

vr 




: ^ B 3Uo\ll . j,^^=>-° J^j^ f j^' ijj^ ijjjAflJI 3 . ,,.'.11 . (V-V) 

tb = 0 = FL' cos 0BC - W^' Y sin 0bc ^ 

tan0BC = fJ^ (7-8) 
1 2f 

0 = FL cos 0AB - W^'i sin 0ab - sin 0ab =^ 

2F ^^"^^ 

«^ i obj'^' JJ^ ^ jLlLs-L .£-V Mill (J JaiajL-o (^~^) 

^jl jj *^ .C ^Ijj La^jJ Ml (jjjj C Jfriflli ^j-Q iA 

fAy V - ^3^ = 0 ^ PAy = Mj^. (7-10) 




I2/2 

.(1-V) jjlo^JJ 5^ UU^ „ :1-V JS_i 



0 = Pcyy-Mi^^-M3^ii 



Per = {2M3+Mi)g. 



(7-11) 



. ■ "-^nll 3 1 tfil^l 5_jSJI (jljjl SJjLsL-a (3-0 idlj Jj II \ .XA l'."^l U" ,,.l ^1 

Pc-y &L^I (jii'sr LaA Fcy (j,^^ i(_yjljJI (jJJ-iJ iJ^^L^ jil jAILtuLi 4 t-i-^i^Laj J 



•IJ 



-Pcy - Mzg + pBy = 0 ^ pRy = ^Cy + = (2M3 + Mi + M2) g. 

(7-12) 



Vo 



0 = F^xL2 sin 0 + M2^— cos 9 - fByi2 cos 0 



L2 

2 

(7-13) 



= (pEy - ^Mzg^ cot 0 = (2M3 + Ml + ^M2) ^COt 0. 

i_u ii^fl II JLojl Jl^ j\-uil Fqx (jl jSjj) jljill (_| (^Lljjl (inn I n(j'<l Jj (^J'^l 'FcxJ 
•oM O'^l 'j'*^^' ^1 nun Lisjl La^l JJ "iLs tFcxJ Fax -I ^ Lcisjl Ij-fii^ .(Y 



fAx = Fcx = Fbx = (2M3 +Mi + ^M2)g cot 0. (7- 



14) 



N <lLoLl^ 4^1^'^ ^jia ^^\<:^l ^Li . -.1 ■! ...^ II ■ IS" Ij^ I '■ » I La lj| 

:A ikilJI i^JaJI (jj^ .aa-lj 1^ .ii-.'s Mgj Y 

0 = Mi^y + Ms^Ii + Mzg^ - fBxy tan0 ^ 

(7-15) 



Fbx = (mi + 2M3 + Imz) ^ cot 0. 



Ijjl gjjj J iSj A lilt (jGjjJ-a (jljjisS!) 

fAx = F^x- (7-16) 

i^n~». '6J^^ N i_i 1 1.^0 II jl nr.l ^^1 I 'I'l^ n 1 

Fcx = Fax- (7-17) 




.(o-V) ijLi^ UU^„ :0-V 



:A <J f.>JI ^^J=^ 

Pcy = (2M3+Mi)^ (7-18) 

5 

fBj' = Fey + M2g = (2M3 + Ml + M2)g. (7-19) 

3 ■» Ua ^ J^QllI jijji-ll J-o^ 3 I .^^ ^ 3^ ^\ j2jLijI ^ (j (°-V) 

sin 20° + Mg sin 20° - fs = 0 ^ fs = 2Mg sin 20° (7-20) 

S^l ^^jiijj ^Ijj ijjj^ 3^?^' ajj 6^ ''-'^ j^j-o J^J^ j.^^ 

jJLULj liij^^-ojiJI S_jSJI jiijj A 5 US'. II £)L=vj| ^3 ^^^j^ jll j ^ " 1 1 iij^^-ajJI 



vv 



M^i? sin (a + 20°) - /^i? = 0 ^ 
M^J? sin (20° + a) = 2MgR sin 20° =^ 

(7-21) 

(20° + a) = sin"i [2 sin 20°] =^ 
a = 23.2°. 



VA 



^\^\ pU^'vi b^Uj J A 



itSSJI J-li. j^a^ f.>J) .\-A JlAJl j 2^ sjjil (5^) (!) (N-A) 

r = TR = Ia=lMR^^=^ 

2. XV 

^ (8-1) 
T = -McicM, 



Mg -T = MacM 

Mg - ^MacM = Macu =^ (8-2) 
2 

4 I Mi'tlL jlxo (jSl) ijl^jIajiiS!) ilj^ iLaX. (j^^ '-J^*^ S^il) n 

iT = (.s^*^ '6j>" 6^ "^^^ V^'^" til 




.( ^ -A) JJLuil (j U ,^ , Ji^^iiio ikjU ijl ...I jjLi jjjil jt^l : ^ -A Jii 



"(-KJI j^J-a J^Li. j^j^ f 

r« = la 

1 . 



M^J? = -MR'' a 



(8-3) 



R ■ 



^Ihand = R(X = 2g. 



(8-4) 



iijJll ia-U. j I 'will .LI_^1jlxi J^ilAJ i?-b-^' 51 , III „i 3U„.lj. Jlji\ j^j-xJI (V-A) 
jijJ(Jlj iJjIjjJ [j*" I-- » II (2j-a (_^J iljljjl ic j^l (2jI Loj jjj-i jl-^" II ■ 

^ uilxu'^l dK'-w*^! S_53 ^y. g^U (Lsij^j^ J^) 5U »ll a^^l 



A- 



(M + m.)g 




fr ff 
.(Y-A) ilLui/iiJ fL^jiJlj 5^1 UU^ ^ :Y-A JS-i 



iLoJI Jl 5_<„r<IL — JllJLj .^LSII aUJi"^! j 6^ iiilLJI 51-. »ll 



T - frR = la = mR 



, a 
R' 



(8-5) 



//J? = la = mR' 



. a 
R' 



(8-6) 



fr-ff = iM + 2m) a 
- maj - ma = (M + 2m) a 



(8-7) 



a 



(M + 4m) J? 



A^ 




Tnet = 0 = mg- COS 0 - Pjv^ COS 0 => 

(8-8) 

Fn = -mg cos 0, 

(jl Ij-Aj iiliLj 5I"< II ^ ^^j^ ^ -A' o'-A ^3-i-ijL=JI jl Sjjiij^l 

itaSllI isjjSi ^ I '"I Llj^-aj jl ""11 '' 3 U ■» I 5ji3j-*-° 5 1 i^^j*^! ^ (jjia'^CJI 5 Un\ 

Jl ^UmUL LI ci^LLu^ 

TcM = -fjv^cos0 = -/cm" = -^m^^of. (8-9) 



AY 



SluiLiJI jkLuia.'sll l^jJiLjjJj <tSjljJI dj^'lll Sj-oSj .JjjIjjjJI 4S>^I 

^i'j^ (t) 



(8-10) 



jLij^ .it^l j^j-o iL^ jljio acMj (j-^^) ''La-j'^l (_s-* >" a' <j^j^ 

IJI il^lj ijjijjl 



y(t) = ^sm0(t) ^ 



(8-11) 



(t) _ I 



- sm 



t=0 



-acM = - — COS0. 



(8-12) 



:4j-uiljJI 4 l-» T II <tlCM jLaJ^ 1^3*^1$ 5_jSJI j_jijjL3(-o i^lj-t'i (III I'i'i'S n 1 



6 COS 0 



6cos0 ^cos0 
m{g- acu) = gcogzg ^™ ^ 



(8-13) 



1 + 3cos20 



1 + 3cos20 



At 



.iil jU ,.,^1 ilj^ TO cos 6 ^ <1\ jt- „.^l 5j j ^^^jJI j '-I I S ^ j '^''t l 

(jjii 6 ^nt^tll 4ojfl.ll 

/j,max = iJmg COS 0, (8-15) 

j^ja-a jjJj (jl C^'jJ' iji^l .6? Sjljjj JflJ ^pJI^ 

T"max = fs,maxR = IC( 

nmgR cos 0 = ImR" ^ (8-16) 

^lCM,max = 2 Ijg COS 9. 
6Lajl J-C. .dJlD) (jJJjj (j^LS Lij) SJjSJ) j^>o iLaX. ^jS't"' (j) "i! 

_ mff sin g - /5,max 
tlCM,max — 

m 

2^g cos 0max = ^ Sin 0max - Hg COS OmsK =^ (8-17) 
0max = tan"^ (3iLi) . 

(j' (jj"' 4 I'i's 1 1 4jj£. J flj mu (^I (j^-oj jljjajl (_g>o^l (^1 4 fl ifl^ t 4 ^ I'l'ill (JJ^ 

• ^max = tail~^JLi 6jjc. jJjjj 



Ai 



SluiLiJI jkLuia.'sll l^jJiLjjJj <tSjljJI dj^'lll Sj-oSj .JjjIjjjJI 4S>^I 

iVo 4ik^ SI--, ill ^ (_^LaiSlL jUa)l) fLki^ it^ j^>a iil>sJJ (°-^) 

0)0 = (8-18) 

(iLkc, 4jU-^ H it iZ>^ iaijj jUa^l sUaC. jj^^IaJ) iajxis ChiO^ 

IL )ji 4:! is^'il .a»/ = Vf/r Jl Vo/J? (> ij^ijJI it^)^ (V/ Jl Vq (> jUa)ll 
jjju Sj^ljJI 4t _;^J1 (JISj ^I) Jjjj (j' iSikaJl it _;^JI i»ijJl 6Uj) (^J^i' ^l) 

lit^l j^j^ fj^' 6Laj) 

Ap = m (v/ - vo) 
A£ = -Ap ■ r 

^mr^ [cof - coo) = -mr (vf - vo) =^ 

2(^-¥j=^°-^^^ (8-19) 
3v/ = Vo [2 + ^] ^ 

Vf vq\2R 11 

Jij 3 .U-:. II ic ^^1 ^1 ^jlj (jl Uik f > COq Lai" V/ < Vo (jl 1^-^^ 

Vo-WoT = Voil-r/R) > ^La^l ftUj'i!! j I4J jLk)!l pLLiJ ikSj 

(^jJ) is ^1 (jU iVo < (jl^ ) <Lj! 6*^1 (5^1 V>U\n ilX" (!) ("\-A) 

: jj^ (jA^^I (AJ^lj) (_^'''>''n t-n^U r inll jUSH I Jx. Sj^l 

fH-m^cos0 = -^^. (8-20) 
R + r 



AO 




.("\-A) JJLuil (j i_it< ^ JiUa. ^j^sn Sl^La. SjS Sjjjil e>jsil\ -A-A J< ni 



.S j^l ■ _R "^1 La ^''^ '■! I 



Cul^ Ijl ^ (J-^^ ' 1 J ■ ^ 4_iJ^5-aJLll 6_^^l *^l K^jAua'^LlJI jj_c JaLsL^I)) < Q *j 

jiLua J3l (^1 Jj Pjv (jLi <5jLill 4 1 i"\ j-a S j^l 5 l"< jj. iijljjj"^! ic j^l 

(j cJl_^Jajl (j\ l-J-»'sU Sj^I dJU JlllLj iiljL«ll ji-a^ (l^Ljji j^l) 

.9 = 0 jjc i-ajS CJh!-»^ 4i_>j '-i^Jj -1^0 iUJil 



mg cos 0 



Rg cos 0 = 



(8-21) 



5I"<II iik^l 4£_^l 3^ jljj:i .0 > 0 (^I (3^11 

.iiUJI ^_5J5ij Sj^I j^J-a (jAslLjI LaK 4jj^l j^j-a J^^::*- SjjIjJI ic j^lj 



7^0 = T,mvi + -/(o^M 



0 



1 2 

2 ' 5 



(8-22) 



^0 = Yo^'^ 



0- 



SluiLiJI jkLuia.'sll l^jjiLjjjj <tsjljJI dj^'ill Sj-oSj .JjjIjjjJI 4S>^I 

4Jj^l j^>o ^^'3^1 i£._;^JI jIaLo (jl (^ ■•^"Sj C5^l 'l^"^-^' 03'^ ^>».ajJI -la^^^ii^ 

ik£j J"^ jAi ^jJ) U 4l"i<H ^^'jJ' .T^' jl'ii-o JjLolo 

^0 = 2 ^edge fledge 

= ^ (|mi?2 + j ^ (8-23) 



7 9 

: Jj La^ it jIaLo 

7,7, 
-AU = mgR - mgR cos 9 = AK = ^mvi - —mv^ =^ 

(8-24) 

gR (1 - cos 6) = —vj - —vl 

<£. jloli (_s-°-^ 4jii2 dLlA (^1 jiijij till Mill 6jjSi (j-o (I) f (j 1 ''1 '1^" 

iJl ijJj-oJiJI S^l Lajjc Jjuaj ,_ylll ilLaJI ((jii^iillll iiLsLaJI ilLaJ 6_>Jolj-o 



Fn - mg cos 0 = - 



R 



Q-mg cos 0c = ^ ^ ^ ' 

R 



vj = gR cos 0. 



AV 



•o' ISJ^ '^SliaJJ SijLuJ) LjjJjLa-a j Ij^j (jAi^jJillL 

7 7 , 

gR (1 - cos 0c) = YqSR cos 0c - Yq Vo =* 



cos 0c = gR 



17 
lO' 

0c = COS"^ 



10 



(8-26) 



7 10 



17^i? 17 

(jl^ Ijli i0c il^ljJI Jj'i iJI 4jJ^5-oJ(JI S_^I Jj^ 't3f^ (■?■) 



(8-27) 



0c = cos-i^ = 54.0 



S csJ^I iiUJI (^Li .Ay = R COS 0 SiLoxi J2! Ji^S! ll^L) 



Ax = vcmCOS 0c (At) 

1 ? 

Ay = vcMSin0c (At) + -g{M). 



(8-28) 



.Ay iljLxxi (j I4J (jiu^jjuJI ^jU" ^ ;At j iljLsLa Jjl 3^ o^-oj 

Ax 



At = 



VCM COS 0c 

g (Ax)' 



Ay = Axtan0c+2^,^^^^,^^ 



(8-29) 



Ax tan 0c + 



7(Ax)'^ 



2OJ?cos20c(l - COS 0c)' 



AA 




Lijl Loj .(ja.) «i>=JI (3-0 VCM 4-=^-l111I iljUIl ij LLajAlxul 

Ax = R(l - sin 0c) -^j^ 1-"^ °-A ^ ^-^jj cos 0c = 10/17 

•ui^ (^jl '.Ay t JojS mil isLu-o 

^ , , n , 7(Ax)R(l-smec) 
Ay = Ax tan 6 



Ax l^tan 0c 



2OJ?cos2 0c (1 - cos 0c) 
7(1 -sin 0c) 1 



2Ocos20(l -COS0c)J 

r 7(0.19131) 1 

■ 20(0.3402) (0.41175) J (8-30) 

Ay = 1.8447AX 

= 1.8447J? (1 - sin 0c) 
Ay = 03S3R. 



Ay = i? COS 0 = 0.588J?, (8-31) 

pj^l (j IjjSi jjt itj^l it ^ I'l l Mi-». 11 isl^ ^ I 0 Ml n*bLj Sjill 

V|=^J?cos0c, (8-32) 



C»u5>Uj'i!l (j (ijlluljjj'^l it^l llcj^ .COS 9c = 10/ 1 7 (^1 ,^^1 S ^ ^ICi 

:Laji Mio'^ Sj^l iLflj (^1 yj ^ 

Vox = Vq cos 9c = ^JgR{cos 9cf'^ (8-33) 
Voy = -Vosin^c = -^JgR(sin9c) (cos 9c)^'^. 

X it) = xo + Voxt = Rsm9c + yjgRicos 9cf'^t 
y it) =yo + Voyt - ^gt^ (8-34) 
= R cos 9c - -^gR cos 9c (sin 9c) t - ^gt^. 



SluiLiJI jkLuia.'sll l^jjiLjjjj 'tsjIjJI t^j^'ill Sj-oSj .JjjIjjjJI 4S>^I 

J?(t)2 = x2(t)+3/2(t) 

- 2^JgR^ sin 9 c {cos 9cf'^t-gR cos 9ct^ 
+ cos 0c sin 2 0c + ^g^R cos 9c s\n9ct^ + 
R(tf = R^ + ^|g^Rcos9c sin9ct^ + 

(8-35) 

.iiUJL ^[l^Ji\ Usb S jUI (2,1 Lulj jii > 0 Ritf > R'^ J 
aiflTiU d^^l 'Li^ Jjii J (CM) ai"<ll j:^ 4^_^ 5-^ iJLflSivjl 4^ ^1 

=^ 

MVcM = --P ^ Vtrans = fCM = --j^, (8-36) 

£ = /cmCWcm = P ■ s 

^j^cocM = P ■ 5 => (8-37) 
l2Ps 



ML2 ■ 



12Ps 

Vrot = OJCM ■ y = J^y- (8-38) 

12P5 P 

Vp' = Vtrans + Vrot = -^^^y - j^^- (8-39) 

:(jLs iVp' = 0 (JjLsj Mill 5 ioji (o) 

Vp' = 0 ^ 

12P5 P 

MI^^ = M ^ (8-40) 



5 



I2 



I 



2 



12y 

:oU 64 = 0.4001 Cj^ ljl 
0.208i. (8-41) 



12 (0.4001) 

isLoM Ait iaijJI ciioij Ij^ .{s ■ y = 0 112) JjUlU (^tiijLs p'j p ^1 Ji^'^ 
oiUJI J.t its^l j^>a (> 0.2081 SiLow Ait La Ikii (jLs 'iti^l j-a (> 0.4L 

.JjLojJ) j_ja-o /axle (^bsJ*^' O J"^^^ ^ oLutaJ (^ji^l 

JaxlefWaxle = P (ti + ti') 
{Mo} + Md}) COaxle = P (ti + d') 

P{d + d') 

CWaxle = 



(8-42) 



M{a^+d^y 



y 



L/2 




M+m ~ |(^/2) cos 0niax 

L/2 



M 



.(A-A) ijLj.1 :-\-A JS^ 



f CM = (^ajded 



(8-43) 



+ d ■ d' 



1 



a2 + d2 



(8-44) 



— d ■ d' 



+ d^ 

: J| ^lILaj JjLollI jj)^a jjc- 4jLij dLlA (jj^ "bLi^ 



^'axle = 0 ^ = d ■ d'. 



(8-45) 



Jl ,^1 ,^llj . ■ .AnO 11 ^^1^1 ''Ij^" II I ■! I^jLlOjJI (3 3 k. J O ^ ^ Jl ,^1 ,^llj 



initial = -^flnal = Aotalf*^ 



■ I = [/rod about end + W ■ j 



CO 



CO 



(8-46) 



6mv 

CO 



i [4M + 3m] ■ 



AK = -AUgrsv 

0 - ^/totaia)^ = - (m + M) ^ (1 - cos 0max) ^ 

3^2^2 ^ (8-47) 
2^^^^^-^ = 2 (m + M) (1 - COS 0„.ax) - 



^max — COS ^ 



gL (m + M) (3m + 4M) 



.(Ij^^ 1 it mil Ij0 ojSII JI^ iolj SjjIj ij jjJf^ i_ijf,^oll (jLi 

4jJ^^ (jj^j Ml 4jiijJI ijjj ^li 4jiij (_i win ^1 (j^^l ^ ^1 vblj^| 



SluiLiJI jkLuia.'sll l^jjiLjjjj 'tsjIjJI t^j^'ill Sj-oSj .JjjIjjjJI 4S>^I 

Pinitiai = mvi (8-48) 

Pafter = (M + TO) VcM 

= (M + TO) |a}? (8-49) 

M + TO ,„ - 

P^-=4MT3to^'^^^^- 

^phlnge = pafter ~ pinitiai 

r 3 (M + TO) 1 - 
= [ 3TO + 4M - ' (8-^0) 

TOMf 



-I. 

3to + AM 

, mMv - /o ci\ 

Aphlnge = ^ tttI- (8-51) 

^ 3to + AM 



^0 



GMEtn 
2(J?£ + 3.00x 105 m) 



+ 3.00 X 105 



(9-1) 



(6.67 X IQ-^^m^l (kg - s^)) (5.97 x 10^^ kg) 
6.67 X 106 m 



V = 7.73 X lO^m/s. 



period = 



1/2 



4(3.14159)^(6.67 X 10^)^ 



(6.67 X 10-11 m3/(kg- s2)) (5.97 x 10^4 kg) 
period = 5420 s = 1.51 hours. 



1/2 



(9-2) 




(jAuAaJ 3 .Kll iiLlaJI 5jLj jjl ^1"^ '■ uiljJ .ijjisj^l 5 j^l (3-0 jj^l (jun mil ^ 

c^jl ■ 'jlj '-^ll 3*^' f-^ Cyj '^j^^ iSLk SjLj lj-*j .(jl a'l'i'^l jljil 

.Li jlj-a (j ilJO jSlI S j^l iiUjll (j 
I ''''^ ■ ((j^j'^l (2j-a cJJ_>2 jld^ (j-o ^J'JJa'iLl jij'J-ll jljia (j^ it'll (^) 

I •.'.< ^ .a CS.A'-i 5 1 i^j'jl SjiJI jlj-a jl Lojj .ialJaJI Jaiua. Ija^ ^ I 

<Vq Lsijidxi (j Sjjisj^l S j^l ic jljSnj <m pLiiJI 3\ .n ,„ 3I"<^ jilll jiljivliul 

.(-Rearth (j nn mi l (J-o 4jjLij*i!l Sj^l jlj-o ^Ja^fl I <it^\^ 

2 2Rearth 
VO = JCMsunReanh (9-3) 



(6.67 X IQ-i^N ■ m^/kg^) (1.99 x 10^° kg) 
1.50 X IQiim 

vo = 2.97 X lO^'m/s. 



.J-tSiL Vo j^J^J-mj UtJ .'/YO in'iH (j^^ iliiSi 

ili^i^ JJi3 (jUn-il) Jail) Jaii Jl SWiJL 



1 2 



^^perihellon — £^aphellon 

1 , GMsunW 



GMsun i 2 



aph 



■^perl — -Caph 

mVperiJ^earth = mVaph^M ars 
dearth 



^aph — Vperi 



^Ma 



(9-4) 



■.Cj\ isS^ .isLkli iii^^ ^^ijJI d iui^ 



•'pen 



2''P^" inearth 2^P«"e2 



1 2 ^earth 



pen 



Mars 



R 



Mars 



2R 



Mars 



GMc, 



Mars 

-RlVlars ~ j^earth 
^earth^Mars - 



GM, 



2-RMa 



dearth (^Mars + dearth) 

2 (6.67 X 10-"N ■ m^kg^) (1.99 x 10^° kg) (2.28 x W^ra) 
(1.50 X IQii m) (2.28 + 1.50) x IQH m 

Vperl = 3.27 X lO^m/s. 

(9-5) 




^j'jJi ^b)f 



■■tp^^\ jl^ 6' d^i 



^launch = (3.27- 2.97) X 10'*m/s = 2.93 x lO^m/s ^ 3km/s. (9-6) 



1 / 4tt2 j^ rearth + ^Mars 



2 V GMc 



(3.141593)^(3.78 X IQiim) 



(9-7) 



8 (6.67 X 10-11 N ■ m2 /kg2) (1.99 x lO^o kg) 
T = 2.24 X lO^s 8.5 months. 



"' J,>^j ''-'=^ 6^ (jrV^ 2h;->^' v^j^ 6^ '-^ (^) 

.S>l:J J< nil I j, 



jj>oJJ j'iia^l j-iia^ "I-- (j ^sj'^J' 



^ (2.24 X 10^ s) (2TT/Martian year) 



(687 days/Martian year) (24 ■ 3600 s/day) ' ^g_g^ 



0.770 radians = 44.1' 
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